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A hollow pellet suitable as carrier of catalysts for selective xothermic 

r actions 

[0001] This invention relates to novel catalyst pellets for exothermic 
reactions in tube reactors using a fixed bed catalyst. 

[0002] The exothermic reactions are not particularly limited. Preferably 
the catalyst pellets are used for selective chlorination and/or oxychlorination of 
alkenes or alkanes and selective oxidation of alkenes. For sake of clarity, the 
present invention is described particularly with reference to catalyst pellets for the 
oxychlorination of ethylene to 1 ,2-dichloroethane. 

[0003] The vapour-phase oxychlorination of ethylene to 1,2- 
dichloroethane using a fixed bed reactor containing a supported catalyst, usually a 
supported copper catalyst, is widely used commercially, for example as a part of 
the process for producing vinyl chloride monomer. The industry is constantly 
seeking to improve the efficiency of the process, and much work has been 
reported on the effects of different catalysts on the process. Thus, both the 
composition and physical presentation of the catalyst have been studied. The 
present invention is concerned in particular with the physical shape of the catalyst. 

[0004] Over the last few years some improvements have been 
reported in catalytic performance obtained by suitable modification of the shape 
and/or size of catalysts in pellet form. Such characteristics affect some of the most 
" important properties of the catalytic bed in fixed bed reactors, such as: i) the 
resistance to the reactant flux (pressure drop), which determines the maximum 
possible flow through the reactor; ii) the efficiency of heat exchange, which allows 
the removal of heat from the highly exothermic oxychlorination reaction; and iii) the 
effectiveness of the pellet as far as the diffusion of reactants and reaction products 
inside the pellets is concerned. 

[0005] A low pressure drop favours the flow through the catalytic bed, 
and therefore allows the increase of the productivity of industrial reactors. On the 
other hand the increase of the pressure drop with the catalyst lifetime is a common 
reason for replacing the catalyst in industrial reactors, an initial low pressure drop 
allows a larger range of pressure drop increase and, consequently, a longer use of 
the catalyst before its replacing. 
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[0006] Starting from the usual catalysts, shaped as spheres or solid 
cylinders, a lower pressure drop through the catalytic bed has been obtained by 
developing catalysts based on hollow pellets shaped with a columnar configuration 
and a circular or multilobed cross-section, which give rise to catalytic beds with 
higher void fractions and, consequently, with lower pressure drop. 

[0007] Catalysts of this type, for use in oxychlorination reactions, have 
been described for example in the following patents or patent applications. 

[0008] USP 4366093 reports a hollowed cylindrical catalyst having an 
outer diameter D e in the range 3-6 mm, an internal diameter D; > 1 mm, a wall 
thickness of at most 1 ,5 mm and a length L in the range 3-6 mm. 

[0009] USP 4382021 and EP 54674 describe a hollowed cylinder 
catalyst having the size D e = 5-12 mm, Dj = 3-8 mm and L = 3-12 mm. 

[0010] USP 4740644 claims a new method for preparing hollowed 
catalysts and exemplifies catalysts with D e = 5 mm, Dj = 1 .8 mm and L= 5 mm . 

[0011] In USP 5166120 a catalyst prepared by extrusion, shaped as a 
hollowed cylinder with D e = 4-6 mm, Dj = 1-2 mm and L= 1.7-3.75, is described. 

[0012] Hollow cylindrical pellets have a S/V (geometric surface to 
volume ratio) higher than spheres and solid cylinders, and this property, together 
with a higher void fraction of catalytic bed, gives a more efficient heat exchange. 
Thus, better temperature control along the catalytic bed and reduced hot spot 
temperatures are obtained: in this way a longer catalyst life is achieved and the 
reaction results in a reduced formation of chlorinated by-products and combustion 
products. 

[0013] A further benefit of hollowed cylindrical pellets, due to their 
higher geometric surface combined with a lower wall thickness, is their higher 
effectiveness, because the reaction takes place only in a thin external layer. By 
using hollowed cylindrical pellets also the formation of carbonaceous deposits 
inside the core of the pellet, responsible for pellet breakage and pressure drop 
increase during the industrial run, is reduced; consequently, an increase of 
catalyst life can be obtained. 

[0014] In order to obtain the above described advantages a hollowed 
pellet must be designed carefully, otherwise several disadvantages become 
evident. For example, if the Dj/D e ratio of a hollowed cylinder-is greater than a 
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certain value, the pellet becomes too fragile, without further advantage in terms of 
effectiveness. Moreover, the apparent bulk density of the catalyst decreases, 
resulting in a lower conversion per unit volume of catalyst bed due to the lower 
total active phase content in the reactor. This last effect can affect also the catalyst 
life, because the catalyst tends to lose active phase compounds in the reaction 
environment. A solution to this problem could be an increase of the active phase 
concentration of fresh catalyst, because an excess of active phase compounds, 
even if not contributing directly to the catalyst activity, can act as a reservoir, 
increasing the catalyst life. However the active phase concentration can not be 
increased over a certain extent, because the consequent loss of the catalyst 
surface area causes a loss of activity. 

[0015] A further improvement for pellets having a hollowed cylinder 
shape is described in the patent application EP 1053789 in the name of the 
Applicant, wherein a particular hollow cylinder size of the pellet is described. 

[0016] Catalyst having a shape different from a hollowed cylinder have 
been also investigated. WO 96/40431 describes a catalyst for ethylene 
oxychlorination having a partially hollow cylindrical shape with internal reinforcing 
vanes. The cross-section is shaped like a "spoked wheel", the outer diameter D e is 
greater than 6.5 mm, the wall thickness is in the range of 0.1 to 0.3 times D e and 
the length is in the range of 0.5 to 5 times D e . 

[0017] EP 687331 discloses an ethylene oxychlorination catalyst in 
granular form, consisting of copper chloride supported on an alumina carrier, 
having a columnar configuration with a trilobed cross-section provided with three 
through-bores coaxial with said lobes. The axes of the lobes are substantially 
parallel to each other and substantially equidistant from each other. 

[0018] With these particular configurations of said patents, more 
complex than the hollowed cylinder, it was tried to improve one or more of the 
relevant features described above, i.e.: i) reduction of the pressure drop, ii) 
increase of the SA/ factor, iii) reduction of the pellet wall thickness. However these 
configurations show low bulk density and/or low mechanical resistance, which can 
reduce or, even, overcome the achieved improvements in terms of reactor 
productivity and catalysts lifetime. 
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[0019] The above remarks make clear that, producing pellet shaped 
oxychlorination catalysts, it must be taken into account that every change capable 
of giving rise to some improvement in catalytic performance can also cause 
unwanted detrimental effects, especially if the changes are not balanced carefully 
by the simultaneous modification of other characteristics. As a conclusion, in order 
to obtain an excellent oxychlorination catalyst it is not sufficient to optimise a single 
characteristic: all the properties must be carefully balanced as a whole. It was felt 
the need to have available catalyst pellets which show a good combination of the 
above described requirements without the disadvantages reported above: i) lower 
pressure drop of the catalytic bed due to the particular shape of the pellet which 
increases the void fraction of the catalytic bed, ii) better heat exchange, iii) good 
effectiveness, iv) good mechanical resistance of the pellets in order to have pellets 
not too fragile, v) high bulk density guaranteeing a high total active phase content 
of the reactor. A good combination of the above features would allow to obtain in 
the oxychlorination reaction the following advantages: i) improved selectivity, ii) 
good conversion, iii) longer catalyst lifetime. 

[0020] An object of the present invention is therefore a catalyst pellet for 
selective gas phase exothermic reactions in a tubular fixed bed reactor, wherein 
said catalyst pellet has: 

I. an uniform cross-section or, if not uniform, with a deviation from the average 
cross-section area lower than 30%; 

II. a parallelogram cross-section, preferably a rhomboidal or square cross- 
section; 

III. one or more through-bores: 

A. with axes which are parallel to each other and to the axis of the pellet or, if 
not parallel, with a deviation from parallel line lower than 20%; 

B. with uniform section or, if not uniform, with a deviation from the average 
cross-section lower than 30%, particularly with one of the following 
embodiments: 

1. with one bore having the same shape of the cross-section of the pellet 
or, optionally, with two or more bores obtained by introducing internal 
reinforcing vanes in said one bore; 
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2. with two or more bores having a rounded shape, particularly a circular 
or elliptical shape and, if four or more bores are present, with different 
distances between the centres of the non-adjacent couples of bores. 

[0021] Some very schematic examples are reported in Figure 1 to 
illustrate, but not to limit, the present invention. The Figure shows three possible 
embodiments based on the same external rhomboidal cross-section and with four 
bores. In example A the four bores have been obtained from one bore having the 
same shape of the external contour of the pellet cross introducing two reinforcing 
vanes connecting the edges of the rhomb. In example B the four bores have been 
obtained from one bore having the same shape of the cross-section of the pellet 
introducing two reinforcing vanes connecting the sides of the rhomb. In example A 
the four bores are elliptical. 

[0022] The sides of the external cross-section of the pellet may also be 
curved and its corners may be rounded in order to confer an improved mechanical 
strength, to reduce the abrasion and to favour the manufacture. The ratio between 
the area of the cross-section of the pellet, including the cross-section of the bores, 
and the area of the parallelogram circumscribing the external contour of the pellet 
cross-section is higher than 0.75, preferably higher than 0.85. The curves may be 
convex or concave or both. The whole external contour of the pellet cross section 
may be convex or the curves corresponding to the sides of the external contour of 
the pellet cross-section may be concave and the curves corresponding to the 
edges of the external contour of the pellet cross-section may be convex. In the 
embodiment containing bores with circular or elliptical cross-section, the convex 
curve corresponding to the edges and the concave curve corresponding to the 
sides of the cross-section are preferred. 

[0023] The pellets with one bore having the same shape of the cross- 
section of the pellet or, optionally, with two or more bores obtained by introducing 
internal reinforcing vanes in said one bore may have the sides and/or the corners 
of the contour of the bores cross-section rounded in such a way that the ratio 
between the area of the cross-section of the bores and the area of the 
parallelogram circumscribing the external contour of the bores cross-section is 
higher than 0.75, preferably higher than 0.85. The reinforcing vanes of the pellets 
having one bore with the same shape of the external contour of the pellet cross- 
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section preferably are disposed to connect the opposite edges or the opposite 
sides of the external contour of the bore cross-section. 

[0024] When more than one bore is present in the pellet, they can 
have the same size or different size, preferably the bores have the same size. 

[0025] The catalyst pellets of the present invention have the following 
size: 4 mm < Pi < 1 5 mm, 4 mm < P 2 < 1 5 mm, 0.5 mm < P 3 < 4 mm, 3 mm < P 4 < 
15 mm, wherein Pi is the main diagonal of the parallelogram, P2 is the secondary 
diagonal of the parallelogram, P3 is the maximum wall thickness, P 4 is the length 
of the parallelogram. It is meant for wall thickness the minimum distance between 
a given point of the bore wall and the external wall of the pellet or the wall of an 
adjacent bore. When the bores have circular shape the diameter is in the range of 
0.7 to 3 mm. 

[0026] The catalyst pellets of the present invention have preferably the 
following size: 4 mm < Pi < 9 mm, 4 mm < P 2 < 9 mm, 0.7 mm < P 3 < 2 mm, 4 mm 

< P 4 <8 mm, wherein P<i, P 2l P3 and P 4 have the meaning above indicated. 

[0027] Some examples are shown in Figures 2-4, which represent 
preferred embodiments of the invention. In Figure 2 a pellet having a rhomboidal 
cross-section with one reinforcing vane and two bores is reported. In Figure 3 a 
pellet having a square cross-section with two reinforcing vanes and four bores is 
reported. Alternatively to the square cross-section of Figure 3 a pellet with a 
rectangular cross-section is suitable for use. In Figure 4 a pellet having a 
rhomboidal cross-section with four circular bores is reported. 

[0028] With reference to Figure 2, the catalyst pellet of the present 
invention has the following size: 4 mm < R1 < 15 mm, 4 mm < R 2 < 15 mm, 0.5 
mm < R3 < 3 mm, 3 mm < R 4 < 15 mm, wherein R1 is the longest size of the cross- 
section, R 2 is the shortest size of the cross-section, R3 is the largest wall thickness 
of the bores, R 4 is the length. Preferably: 4 mm < R1 < 9 mm, 4 mm < R 2 < 9 mm, 
0.7 mm < R 3 < 2 mm, 4 mm < R 4 < 8 mm. 

[0029] With reference to Figure 3, the catalyst pellet of the present 
invention has the following size: 3 mm < Q1 < 10.5 mm, 0.5 mm < Q 3 < 3 mm, 3 
mm < Q 4 < 15 mm, wherein Q1 is the side of the square, Q 3 is the wall thickness, 
Q 4 is the length. Preferably: 4 mm < Q1 < 9 mm, 0.7 mm < Q 3 < 2 mm, 3 mm < Q 4 

< 8 mm. 
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[0030] With reference to Figure 4, the catalyst pellet of the present 
invention has the following size: 4 mm < T T < 15 mm, 4 mm < T 2 < 15 mm, 0.5 mm 
< T 3 < 3 mm, 3 mm < T 4 < 15 mm, wherein Ti is the longest size of the cross- 
section, T 2 is the shortest size of the cross-section , T 3 is the largest wall thickness 
of the bores, T 4 is the length. The diameter of the bores is comprised between 0.7 
and 3 mm. Preferably: 4 mm < Ji < 9 mm, 4 mm < T 2 < 9 mm, 0.7 mm < T 3 < 2 
mm, 3 mm < T 4 < 8 mm. 

[0031] Further examples are shown in Figures 5-7, which represent 
preferred embodiments of the invention with curved external surfaces. In Figure 5 
the same pellet as Figure 2, but with convex external surfaces is reported. In 
Figure 6 the same pellet as Figure 3, but with convex external surfaces is 
reported. In Figure 7 the same pellet as Figure 4, but with concave external 
surfaces is reported. 

[0032] The exothermic reactions in which the pellets of the present 
invention can be applied are not particularly limited. Preferably they are used for 
selective chlorination and/or oxychlorination of alkenes, e.g. ethylene, or alkanes 
e.g. methane and ethane; selective oxidation of alkenes, e.g. ethylene and 
propylene. For example it can be mentioned the reaction of ethylene with chlorine 
to give 1,2-dichloroethane, the reaction of ethylene with hydrogen chloride and air 
or oxygen to give 1,2-dichloroethane, the reaction of methane with chlorine, the 
selective oxidation of ethylene or propylene, etc. 

[0033] Preferably the catalyst pellets of the invention are used in the 
oxychlorination of hydrocarbons, especially the vapour phase oxychlorination of 
ethylene to EDC. The carrier material of the catalyst of the present invention may 
be any of the materials known for producing supported catalysts. Examples 
include silica, pumice, diatomaceous earth, alumina and other aluminium hydroxo 
compounds such as boehmite and bayerite. For the oxychlorination reaction the 
preferred carrier materials are y-alumina or other transitional aluminas and 
boehmite, the latter normally being "pre-heated to convert it into alumina. The 
carrier material suitably has a surface area (BET) of 50-350 m2/g. The active 
material supported on the carrier contains copper in an amount of 1-12 wt% based 
on the weight of the dry catalyst. The copper will normally be deposited on the 
carrier in the form of a salt, especially as halide and preferably as cupric chloride. 
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The copper may be used in combination with other metal ions in order to have the 
desired selectivity and conversion. Such other metals include, for example, alkali 
metals (such as Li, Na, K, Ru, Cs), alkaline-earth metals (such as Mg, Ca, Ba), 
group MB metals (such as Zn and Cd) and lanthanides (such as La, Ce and so on) 
or a suitable combination of them. These additional metal ions can be added as 
salts or oxides, the total amount of additives suitably being in the range 0-15 wt%. 
They can be added together with the copper or alternatively one or more of them 
(even all) after or even before the copper. In the last case their addition can be 
followed by an intermediate heat treatment. Preferred alkali metals are Li and K 
and Cs and they are preferably added as chlorides, each of them in the range 0-8 
wt%. The preferred alkaline-earth metal is Mg, added in the range 0-6 wt%. 
Preferred lanthanides are La and Ce, each of them added in the range 0-12 wt%. 
The addition of the active components can be accomplished by methods well 
known by those of skill in catalyst preparation. Here can be mentioned, for 
example, dry impregnation, incipient wetness impregnation or dipping, using a 
suitable solution of compounds to be added, for example an aqueous solution, 
optionally containing also acids such as HCI. The addition of the active 
components can be made partially or totally before or after the formation of the 
hollow pellets. Preferably the catalysts are prepared by impregnation of the 
already formed carrier. The shaping of the carrier or the catalyst may be 
performed by well known methods such as tabletting and extrusion. These 
operations are performed in the usual manner, optionally using additives such as 
lubricants and/or binders. Preferably the shaped pellets are obtained by tabletting, 
in order to have a more uniform pellet size, density and higher mechanical 
resistance. The operations include customary thermal treatments, such as 
calcination of the carrier at 500-1100 K, preferably at 750-950 K, if the active part 
is added to the carrier after the shaping procedure and drying at 330-600 K after 
addition of the active components. 

[0034] The catalytically active material for selective oxidation of 
alkenes contains silver. The catalytically active material may preferably also 
comprise at least one of alkali metals, alkaline earth metals, group I IB metals, 
group VIIB metals, group VIIIB metals and lanthanides in a total amount preferably 
up to 5 wt%. Preferably the alkali metal is cesium, the alkaline earth is barium. 
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[0035] The catalyst for the oxychlorination of alkanes contains 
preferably copper and/or Ni and an alkali metal for example in the atomic ratio 2:8. 
The alkaly metal are preferably potassium or lithium or cesium. The catalytically 
active material may preferably also comprise at least one of alkaline earth metals, 
group IIB metals and lanthanides. Preferably the alkaline earth is magnesium and 
the lanthanide are lanthanum or cerium. 

[0036] For the selective chlorination of alkenes and alkanes, the well 
known active components of the catalysts are used, for example alkali metals, 
alkaline earth metals, group MB metals and lanthanides in a total amount 
preferably up to 30 wt% of the layer. 

[0037] The carriers for the above active components of the catalysts of 
the above reactions are preferably aluminum hydroxides, aluminum oxide- 
hydroxides, alumina, silica, zirconia, titania, magnesia, pumice, diatomaceous 
earth zeolites or their mixtures or mixed compounds. Depending on the reaction 
the carriers may have high or low surface area. 

[0038] In addition to the exothermic reactions, the pellets of the 
present invention can be used also for endothermic reactions with advantages 
similar to those achieved in selective exothermic reactions. 

[0039] The following examples refer to the oxychlorination reaction of 
ethylene to 1,2-diochloroethane, taken as representative of selective gas phase 
exothermic reactions. Such examples are given for illustrative purposes and do not 
limit the scope of the invention. 

Examples 

Drawings 

[0040] The accompanying drawings have the purpose to illustrate, but 
not to limit, the invention. Figure 1 shows three possible embodiments based on 
the same external rhomboedhcal cross-section and with four bores. In example A 
the four bores have been obtained from one bore having the same shape of the 
cross-section of the pellet introducing two reinforcing vanes connecting the edges 
of the rhomb. In example B the four bores have been obtained from one bore 
having the same shape of the cross-section of the pellet introducing two 
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reinforcing vanes connecting the sides of the rhomb. In example A the four bores 
are circular. 

[0041] Figure 2 is a schematic illustration, not to scale, of a catalyst 
pellet having a rhomboidal cross-section with one reinforcing vane and two bores. 

[0042] Figure 3 is a schematic illustration, not to scale, of a catalyst 
pellet having a square cross-section with two reinforcing vanes and four bores. 

[0043] Figure 4 is a schematic illustration, not to scale, of a catalyst 
pellet having a rhomboidal cross-section with four circular bores. 

[0044] Figure 5 is a schematic illustration, not to scale, of a catalyst 
pellet having a rhomboidal cross-section with one reinforcing vane forming two 
bores and with convex external surfaces. 

[0045] Figure 6 is a schematic illustration, not to scale, of a catalyst 
pellet having a square cross-section with two reinforcing vanes forming four bores 
and with convex external surfaces. 

[0046] Figure 7 is a schematic illustration, not to scale, of a catalyst 
pellet having a rhomboidal cross-section with four circular bores and with concave 
external surfaces. 

Experimental equipment 

[0047] The choice of the method used for catalytic activity testing is 
very important, because the differences in term of conversion and selectivity to 
different products exhibited by different catalysts are usually small, but of great 
importance in 1,2-dichloroethane production in the common industrial large scale. 
The only way to obtain results which are truly representative of the industrial 
reactor is to perform the test using a tube with the same size as an industrial one 
and to adopt the same conditions (temperature, pressure, feed composition, flow 
and so on) as those used in the industrial reactor. The data reported below were 
obtained in a pilot plant using a tube having the same size as a typical industrial 
one and under a variety of different conditions covering those encountered during 
a typical industrial run. The reactor used (see Figure 8) was a nickel tube 8 m long 
with an internal diameter of 27.75 mm. An external jacket with circulating steam 
was used to control the temperature profile. The reactor was equipped with a 
thermowell having an external diameter of 6 mm, containing 12 thermocouples to 
record the temperature profile during the tests. Two on-line gaschromatographs 
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were used at the inlet and at the outlet of the reactor to control the reaction. The 
1,2-dichloroethane was collected in a vessel containing isopropyl alcohol at about 
0°C and then analysed. This technique allows also the collection of the low boiling 
and the water soluble compounds (chloroethanol, chloral, etc. ) as well as the 
unreacted HCI. The reactor feed was: 5200 Nl/h of C2H4, 600 Nl/h of 02, 2.300 
Nl/h of HCI, 1000 Nl/h of N2. The oxygen was 6.5% vol (the flammability limit at 
210°C and at 6 bar is ca. 8%). The pressure at the inlet of the reactor was 6 bar, 
and the temperature of the coolant was 220°C. 
Catalysts 

[0048] Seven different types of catalyst having the shape and size 
shown in Table 1 and the compositions shown in Table 2 were prepared on the 
basis of the method described above. In particular, a stearate as a lubricant was 
added to bohemite and the mixture was moulded into a particle having the shape 
and size shown in Table 1, by using a tabletting machine. Catalyst A was formed 
according to the embodiment shown in Figure 5 of the present invention (catalyst 
pellet having a rhomboidal cross-section with one reinforcing vane forming two 
bores and with convex external surfaces), catalyst B according to the embodiment 
shown in Figure 6 (catalyst pellet having a square cross-section with two 
reinforcing vanes forming four bores and with convex external surfaces), catalyst 
C according to the embodiment shown in Figure 7 (catalyst pellet having a 
rhomboidal cross-section with four circular bores and with concave external 
surfaces). As far as the comparative examples are concerned, catalyst D is a 
hollow cylinder according to EP 1053789; catalyst E is a hollow cylinder according 
to USP 4366093; catalyst F is a hollow cylinder according to USP 4740644; 
catalyst G is a hollow cylinder according to USP 5166120. The carrier pellets were 
calcined at 823 K for 5 hours, to obtain pellets made of y-AI203 with the required 
surface area. The carrier was impregnated by the incipient wetness method with 
solutions containing a proper concentration of active compounds in order to obtain 
two types of catalysts with the compositions set out in Table 2. 

[0049] The reactor loading pattern used, the same for the different 
types of catalysts tested, was formed of five layers. From the top to the bottom, the 
layers were as follows: 1) 1200 mm long, containing type I catalyst diluted to 30 
vol% with graphite (cylinders with diameter of 5 mm and length of 6.2 mm); 2 ) 
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1200 mm long, containing type I catalyst diluted to 40 vol%; 3) 1200 mm long, 
containing type I catalyst diluted to 60 vol%; 4) 1000 mm Jong, containing type II 
catalyst diluted to 45 vol%; 5) 2400 mm long, containing type II catalyst not diluted. 
The overall catalytic bed was 7 m long. 

[0050] A large number of tests were carried out comparing mainly the 
new catalysts of the present invention (A,B,C) with the old hollow cylinder catalysts 
(D,E,F,G) and the main results are reported in Table 3. 

[0051] It is evident that all the catalysts of the present invention having 
a prism-inscribable shape (A, B, C) are superior in the performance, giving the 
better combination in terms of pressure drop, HCI conversion, selectivity and hot 
spot temperatures if compared to the hollow cylinder catalysts. 

[0052] In particular the catalysts A and B show a' lower pressure drop 
than the hollow cylinder ones, because the particular shape increases the void 
fraction of the related catalytic bed. 

[0053] It is to underline that, even if the standard hollow cylinder 
catalyst G has a higher bed void fraction, the measured pressure drop is higher 
owing to the unavoidable breakage during the loading of this catalyst formed by 
extrusion. 

[0054] Furthermore, taking into account that the overall amount in 
weight of catalyst per unit of volume of reactor tube for the new catalysts A, B, C, 
is lower than the standard catalysts D, E, F because of the lower bulk density due 
to the new shapes, we could expect a lower activity per unit volume of reactor tube 
and therefore a lower HCI conversion for the new catalysts. This is exactly what is 
obtained with the standard hollow cylinder catalyst G, in comparison with the other 
hollow cylinder catalysts D, E, F. On the contrary, even if with the new catalysts 
the overall weight per unit of volume is lower, the HCI conversion is better than the 
one of the standard catalysts. 

[0055] The reduced wall thickness of the new catalyst does not imply a 
reduced mechanical strength, because the new geometry and the well tuned 
tabletting parameters, allow to maintain an adequate mechanical strength. 

[0056] Other important results achieved with the new catalysts are the 
reduced by-product formation, the increase selectivity to EDC and an increased 
catalyst life. 
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